This study aimed to explore engineering students ' self-directed 
INTRODUCTION
elf-directed learning ability is often regarded as a valuable skill in workplaces and school settings (Murane & Levy, 1996 ; Rees & Bary, 2006 ). People with a high level of self-directed learning ability are selfmotivated learners who can employ any learning resources to solve problems in learning tasks (Brockett & Hiemstra, 1991; Candy, 1991) . Regardless of the types of learning environments, highly self-directed learners are good at problem-solving in terms of knowledge acquisition and management (Merriam & Caffarella, 1991; Gibbons, 2002) .
Previous studies have shown that self-directed learning is a strong factor for influencing students' learning outcomes in traditional learning settings or distance learning environments (Long, 1991) . However, in the existing literature, little empirical evidence explains how engineering students' self-directed learning abilities relate to learning achievements, regardless of learning settings. Litzinger et al. (2005) and Stewart (2007) were pioneers who explored the relationship between engineering students' self-directed learning abilities and academic performances. In Litzinger et al.'s study, engineering undergraduate students' self-directed learning abilities significantly correlated to their grade point average. In Stewart's study, the link between students' self-directed learning abilities and learning outcomes is positive related.
Although a significant relationship existed between students' self-directed learning abilities and learning outcomes in Litzinger et al. and Stewart's studies, the learning settings still occurred in the traditional classrooms. Whether or not applying self-directed learning to online engineering education may yield different findings is worthy of an extensive investigation for follow-up studies.
The purpose of the study was to explore engineering students' self-directed learning abilities in an online learning environment. The research centered on the correlation relationship between students' self-directed learning abilities and learning outcomes. One hypothesis was proposed:
LITERATURE REVIEW
The following theoretical discussions, which are partial results of our previous research (Chou & Chen, 2008) , are summarized and listed:
Instruments for Measuring Students' Self-Directed Learning Abilities
One of the instruments used for measuring self-directed learning ability, Self-Directed Learning Readiness Scale (SDLRS), was the product of Guglielmino's doctoral dissertation (Guglielmino, 1977) . The SDLRS uses a 58-item 5-point Likert scale. Through factor analysis, the scale includes eight factors: openness to learning opportunities, self-concept as an effective learner, initiative and independence in learning, informed acceptance of responsibility for one's own learning, love of learning, creativity, positive orientation to the future, and ability to use basic study and problem-solving skills. Higher scores occurring from using the scale represent higher readiness for self-directed learning. Nowadays, a number of studies have supported the reliability and validity of the scale (Hsu & Shiue, 2005 ).
Another instrument for assessing self-directed learning ability, developed by Oddi's doctoral dissertation, is the Oddi Continuing Learning Inventory (OCLI) (Oddi, 1984 (Oddi, , 1986 ). The OCLI is a 24-item 7-point Likert scale and contains three domains established by factor analysis: proactive/reactive learning drive, cognitive openness/defensiveness, and commitment/aversion to learning. Higher scores in the scale indicate having greater characteristics of a self-directed continuing learner. In this scale, the reliability coefficient also achieves a higher level (more than 0.8). However, factor analysis conducted by a recent study suggested that Oddi's three domains should be extended to four domains. The new four factors created are: learning with others, learner motivation/selfefficacy/autonomy, ability to be self-regulating, and reading avidity (Harvey et al., 2006) .
In addition to the two measurements described earlier, the Bartlett-Kotrlik Inventory of Self Learning (BKISL) has been newly developed (Bartlett & Kotrlik, 1999 ). This measurement is a 49-item 7-point Likert scale and contains 11 factors. According to the developers, social and environment variables, which are not included in the SDLRS or OCLI, were added to the scale. The developers also reported the measurement had high estimates for internal consistency. However, no further studies reported BKISL's validity and reliability.
Self-directed Learning Ability and Learning Performance in Online Courses
By searching online education database, a review of the existing literature only identifies three case studies exploring the relationship between students' self-directed learning abilities and learning performances in online courses. These three studies neither focused on a cause and effect relationship, nor used engineering students as targeted research subjects. No consistent findings occur in the three case studies. The three case studies are:
Case Study 1
Pachnowski and Jurczyk (2000) employed the SDLRS to investigate the factors correlated with academic performance in a web-based learning environment. In this study, the academic performance, defined as a final course grade, consisted of students' technical skills and attitudes according to the course instructor's standards. The SDLRS was distributed to 17 online learners during the online course. The result of the study showed no significant relationship between students' self-directed learning abilities and academic performances.
Case Study 2
Doherty (2000) attempted to find the existence of a relationship between self-directed learning and academic performance as defined by a final course grade. The study subjects were 147 college students who enrolled in online courses. The SDLRS was used to assess students' self-directed learning abilities. The result of the study showed that students' self-directed learning abilities did not relate to their academic performances.
Case Study 3
In Corbeil's (2003) study, the instrument for measuring students' self-directed learning abilities is the OCLI. 98 graduate-level online learners participated in this semester-long study. The academic performance measure was the final grade for the course. The result of the study showed a significantly positive relationship existed between students' self-directed learning abilities and academic performances.
RESEARCH DESIGN
The purpose of the current study is to investigate the correlative relationship between engineering students' self-directed learning abilities and learning outcomes. A research assumption is that students who score higher in a self-directed learning measurement might perform better in an online learning activity. The details of the research design are:
Research Method
This study adopted the true experimental design (Campbell & Stanley, 1963) which greatly decreases the effect of extraneous factors, such as participants' backgrounds.
Subjects
Forty-eight undergraduate students majoring in electronic engineering from a technological university in Taiwan participated in the study. The participants consist of randomly selected students from eight classes in the department of electronic engineering.
Self-directed Measurement
In this study, the SDLRS was utilized to measure students' self-directed learning ability because the SDLRS is a widely accepted measurement to assess self-directed learning ability when compared to other two available related instruments (Merriam & Caffarella, 1991) . Overall scores in the SDLRS range from 58 to 290. In this study, a reliability analysis of this measurement showed that Cronbach's Alpha value was 0.83, which indicated the SDLRS was a reliable measurement. A sample of questions in the measurement is:  I can learn things on my own better than most people.  I can think of many different ways to learn about a new topic.  Learning how to learn is important to me.  If there is something I want to learn, I can figure out a way to learn it.  Difficult study doesn't bother me if I'm interested in something.
Online Learning Activity
A science learning website (20 web pages), which imparts knowledge about the structure of the human body, was created. The rationale for using this instruction is that learning contents are not related to participants' courses of study, thereby, avoiding potential threats to internal validity in the study's experimental design (Campbell & Stanley, 1963) . In order to confirm the validity of learning contents, the learning website underwent a review by professional instructional designers.
Learning Outcome
A criterion test containing 60 multiple-choice test items was used to measure students' online learning performances. This test assesses students' three cognitive learning outcomes: factual, conceptual, and principle/rule knowledge (Dwyer, 2007) . The test's contents substantively relate to the knowledge students received in the online learning activity. In this study, a reliability analysis showed that Cronbach's Alpha for the test was 0.92. © 2012 The Clute Institute
Research Procedure
Before the study, participants responded to an SDLRS questionnaire. Subsequently, when arriving in the computer lab, students received random assignments to computer terminals from which they would complete the online learning activity. Instructions required students to read all learning contents in a one-hour session. Immediately upon completion of the instructional presentation, students received an online criterion test described earlier.
Data Analysis
After data collection, Pearson Product-Moment Correlation, whose purpose is to test the relationship between two independent variables (Huck, 2008) , was used to analyze the relationship between self-directed learning and learning performance. The significant level was set to 0.05. Table 1 reports a summary of descriptive statistics regarding SDLRS scores and students' learning outcomes. On average, students obtained 200.56 points (Standard Deviation =15.04) in the SDLRS measurement and 37.17 points (S.D. =11.27) in the criterion test. Table 2 shows the result of Pearson product-moment correlation. The significant value (p=0.00 < 0.01) and correlation coefficient (r=0.6) indicates that a significant, positive relationship exists between the SDLRS and the criterion test. Since the coefficient is higher than 0.5, the correlation level tends to be medium-high according to accepted statistical standards (Huck, 2008) . Based on the findings presented above, the first research null hypothesis was rejected. In other words, the results of the first study showed that a significant, positive relationship existed between engineering students' selfdirected learning abilities and online learning performances. Students who obtained higher scores in the SDLRS measurement performed better in the criterion test. This research result is consistent with Corbeil's (2003) study.
RESULTS

CONCLUSION
The ultimate goal of the instructional activity in the study was to simulate an online learning task in the real-world online courses. High level of self-directed student participants tended to perform better in this instructional activity. However, since the current study occurred in a laboratory setting, one experimental study will be implemented in a natural setting. The effect of students' self-directed learning abilities on learning performances in a real online course will be explored during this time.
